Abstract: This work focuses on trend analysis of rainfall, evaporation, temperature, relative humidity, wind speed, and sunshine duration over the Ouémé Delta in Bénin. Eight temperature based indices and fifteen rainfall based indices are computed from 1960 to 2016. Moreover, maximum 1, 2, 3, 5, and 10 days precipitation indices were computed at the monthly scale. Trends are detected at 0.05 confidence level, using a combination of Mann-Kendall and prewhitened Mann-Kendall test. Partial correlation and stepwise regression are used to detect the set of meteorological variables that influence pan evaporation in Ouémé Delta. Results showed intensification of heavy rainfall over Ouémé Delta. Moreover, a significant increasing trend is detected in temperature. As consequence, diurnal temperature significantly decreases as proof of the global warming. Average pan evaporation showed a significant slither increasing trend over the area. Change in pan evaporation can be explained by wind speed and sunshine duration that hold almost 50% of pan evaporation variance. As future temperature is going to be increasing, pan evaporation may increase considerably. So, adaptation measures have to be reinforced in the Ouémé Delta area where farmer are used to rainfed agriculture for food security. Moreover, Ouémé Delta plan have to be developed for it resources sustainability.
Introduction
Quantifying impacts of changes in climatic patterns over natural resources in a given region is prominent at area level where micro climate is significant. This is important in the development of planning and management of water resources, to cater for everyday demand and supply of users, especially in developing countries where the economy is based on rainfed agriculture [1] .
In Africa, a gradual return to wetter conditions is observed in Sahelian and Soudanian areas since the 1990s [2] . The same situation is reported since early 2000s across Algeria and Tunisia and from 2008 in Morocco by Nouaceur et al. [3] . There are contrasting trends throughout seasonal variations of rainfall. Nevertheless, extreme rainfall is declining in Cote d'Ivoire [4] and annual precipitationtend to reduce in Nigeria [5] . No significant trends were detected in Ghana [6] .
In Bénin, annual total precipitation, annual number of wet days and maximum 30 days rainfall present a significant decreasing trend [7] . Interpolated change in heavy rainfall of different return periods revealed an east-west gradient from negative to positive along the lower Ouémé basin, whereas from the middle to the upper Ouémé, a decreasing tendency of heavy rainfall is dominant [8] . In the upper Ouémé basin, a recent work of Attogouinon et al. [9] shows the absence of clear cumulative
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Study Area
The study area as shown on Figure 1 is the Ouémé Delta, that is located in the south eastern part of Bénin in West Africa. It is between 6.30 • and 7 • North and between 2.20 • and 2.70 • East. It is 25 km long in East-West direction and 90 km width from North to South [33, 34] . Ouémé Delta covers the municipalities of Bonou, Adjohoun, Dangbo, Akpro-Missérété, Abomey-Calavi, Aguégué, Porto Novo, Sêmé Kpodji, and Cotonou. With a drainage basin of about 5000 km 2 , it is a very rich area that offers home to large number of ecological species [33, 34] . It is an area well suited not only for agriculture due to nutrients deposit but also for fishery and fluvial transactions. It also gives shelter to a considerable number of human beings who depend on these resources, especially those living on Nokoué Lake as well as those along Ouémé and Sô rivers in the Delta. Nokoué Lake, the biggest in Bénin, is the buffer zone of Ouémé Delta.
Nokoué Lake is positioned between 6.30 • and 6.50 • North and between 2.35 • and 2.50 • East. It is 20 km long in East-West direction and 11 km width from North to South [33] [34] [35] . It covers 150 km 2 in low water and it could increase over 450 km 2 in high water [33] [34] [35] . It is limited in the West by Abomey-Calavi's plateau, in the East by Porto Novo's Lagoon, in the North by the flood plain of Ouémé and So Rivers, and in the South by Cotonou city. Cotonou and Totchè channels connect it, respectively, to the Atlantic Ocean and to the Porto Novo's Lagoon [35] .
Because of its geographical position and the Inter-Tropical Convergence Zone circulation over Bénin, Ouémé Delta is under subequatorial climate with a bimodal rainfall regime [33, 34] . This area is characterized by two rainy seasons (April to July and September to November) and two dry seasons (December to March and mid-July to mid-August) [33, 34] . Over the period 1960-2016, the annual rainfall amount is between 719 mm and 2470 mm at station point. Nokoué Lake is positioned between 6.30° and 6.50° North and between 2.35° and 2.50° East. It is 20 km long in East-West direction and 11 km width from North to South [33] [34] [35] . It covers 150 km 2 in low water and it could increase over 450 km 2 in high water [33] [34] [35] . It is limited in the West by Abomey-Calavi's plateau, in the East by Porto Novo's Lagoon, in the North by the flood plain of Ouémé and So Rivers, and in the South by Cotonou city. Cotonou and Totchè channels connect it, respectively, to the Atlantic Ocean and to the Porto Novo's Lagoon [35] .
Because of its geographical position and the Inter-Tropical Convergence Zone circulation over Bénin, Ouémé Delta is under subequatorial climate with a bimodal rainfall regime [33, 34] . This area is characterized by two rainy seasons (April to July and September to November) and two dry seasons (December to March and mid-July to mid-August) [33, 34] . Over the period 1960-2016, the annual rainfall amount is between 719 mm and 2470 mm at station point.
Data and Quality Control
Daily data are collected from six (6) rain gauges and two (2) synoptic stations shown by Figure  1 and detailed in Table 1 , for the period 1960-2016 from the national meteorological agency. At synoptic stations, daily rainfall (PRCP), daily minimum (TMin), and maximum (TMax) temperature, minimum (Hmin) and maximum (Hmax) relative humidity, as well as daily wind speed (WIND), sunshine duration (SUND) and pan evaporation (EVA) data are collected. Data quality control is processed using RClimpact tool [36] . Unreasonable values are highlighted and removed. These are daily maximum temperature less than daily minimum temperature and daily minimum temperature higher than daily maximum. Outliers in daily maximum and minimum temperature 
Daily data are collected from six (6) rain gauges and two (2) synoptic stations shown by Figure 1 and detailed in Table 1 , for the period 1960-2016 from the national meteorological agency. At synoptic stations, daily rainfall (PRCP), daily minimum (TMin), and maximum (TMax) temperature, minimum (Hmin) and maximum (Hmax) relative humidity, as well as daily wind speed (WIND), sunshine duration (SUND) and pan evaporation (EVA) data are collected. Data quality control is processed using RClimpact tool [36] . Unreasonable values are highlighted and removed. These are daily maximum temperature less than daily minimum temperature and daily minimum temperature higher than daily maximum. Outliers in daily maximum and minimum temperature are also identified and removed. Missing data are identified and filled using the double mass cumulus method [37] . 
Climatic Extremes Indices
In order to improve early warning system, risk management, and adaptation to both climate change and variability over large space and time scales, the World Meteorological Organization (WMO), through the Commission for Climatology (CCl) Expert Team on Climate Risk and Sector-specific Indices (ET CRSCI), has recently defined, based on rainfall and temperature, 34 extreme indices with nine additional others, to achieve high level of climate knowledge. More detail is given at: http://www.wmo.int/pages/prog/wcp/ccl/opace/opace4/expertteam.php. The analysis of these extreme indices facilitates access to information and products for decision making. In this work, eight temperature based indices and 15 rainfall based indices from WMO core set were computed. A summary of the chosen indices is found in Table 2 . Threshold based indices are computed using the baseline period 1981-2010. User-friendly R-based software (ClimPACT) was used to compute the indices. Table 2 . Indices of Expert Team on Climate Risk and Sector-specific Indices (ET CRSCI) core indices where TN = minimum temperature and TX = maximum temperature, p = daily precipitation, and prcp = annual total precipitation [38] .
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Trends Analysis
Trend analysis is conducted at annual scale on each of the eight temperature based indices as well as the 15 rainfall based indices. In addition, trend in maximum consecutive 1, 2, 3, 5, and 10 days precipitation are computed at a monthly scale within the high water period in Ouémé Delta. We focused more on heavy rainfall during the high water period to assess its impacts on flood events. High water in the Delta area occurs essentially from September to November. This period represents Climate 2019, 7, 2 6 of 22 the second rainy season in that area. Trends are detected using Mann-Kendall, as shown by Mann [39] and Kendall [40] , and a prewhitened Mann-Kendall test at the 0.05 confidence level by Brien [41] , as shown on Figure 2. 
Trend analysis is conducted at annual scale on each of the eight temperature based indices as well as the 15 rainfall based indices. In addition, trend in maximum consecutive 1, 2, 3, 5, and 10 days precipitation are computed at a monthly scale within the high water period in Ouémé Delta. We focused more on heavy rainfall during the high water period to assess its impacts on flood events. High water in the Delta area occurs essentially from September to November. This period represents the second rainy season in that area. Trends are detected using Mann-Kendall, as shown by Mann [39] and Kendall [40] , and a prewhitened Mann-Kendall test at the 0.05 confidence level by Brien [41] , as shown on Figure 2 . 
Mann-Kendall Test
The well-known Mann-Kendall test is a non-parametric test that is commonly employed for monotonic trend analysis in series of environmental data, climate data, or hydrological data. This test assesses the existence of a monotonic upward or downward trend of the variable of interest over time. A monotonic upward (downward) trend of a variable means its consistent increase (decrease) 
The well-known Mann-Kendall test is a non-parametric test that is commonly employed for monotonic trend analysis in series of environmental data, climate data, or hydrological data. This test assesses the existence of a monotonic upward or downward trend of the variable of interest over time. A monotonic upward (downward) trend of a variable means its consistent increase (decrease) through time; however, the trend may or may not be linear. Thus, the Mann-Kendall test is preferably used instead of a parametric linear regression analysis, to enable the detection of a non-linear trend. This test does not require data to be normally distributed. Furthermore, it is not sensitive to abrupt breaks due to non homogeneous time series [42] . However, Thiel Sen's slope method that uses a linear model to estimate the slope of the trend and the variance of the residuals should be constant in time [43] .
The null hypothesis of the Mann-Kendall test, H0, is that data come from a population with independent realizations with identical distribution. The alternative hypothesis, H1, is that data follows a monotonic trend. In this work, the trend was detected at the 0.05 confidence level using Mann-Kendall test package in R [41] , where Tau is the correlation rank strength, Sen slope the magnitude, and p value the probability.
Prewhitened Mann-Kendall Test
In the case that the Mann-Kendall test detects no trend, a prewhitening Mann-Kendall test was used to detect a probable trend covered by internal serial correlation. In fact, prewhitening is processed to remove serial correlation in the data set following Yue et al. [44] . The presence of serial correlation in hydro meteorological time series often makes the detection of fake deterministic gradual or abrupt changes with tests such as Mann-Kendall (MK) [45] . Though, Mann Kendal test has shown a strong performance in trend detection, there are some limitation due to its own null hypothesis based on the assumption that data are independently and identically distributed [46] . Serial correlation increases the variance of the test statistic. As consequence, it increases the rejection rate of the null hypothesis.
Then, the prewhitening procedure decreases the inflation of the variance of the test statistic due to serial correlation and reduces the rate of rejection below the rate before prewhitening [47] .
As result, it is important to prewritten when there is no trend. In fact, Yue et al. [48] stated that prewhitening is not suitable for eliminating the effect of serial correlation on the Mann-Kendall test when trend exists in a time series, because it removes a portion (equal to the lag-one autocorrelation coefficient) of trend and hence reduces the probability of rejecting the null hypothesis when it is false.
Relationship between Pan Evaporation and Other Meteorological Patterns in Ouémé Delta
In order to determine the main explanatory variables of pan evaporation, partial correlation and stepwise regression is used. Partial correlation is used in the case of one variable being partially correlated with some other independent ones. Thus, each partial correlation coefficient obtained represents the contribution of each independent variable to the dependent one. In fact, it is shown that pan evaporation is governed by three conditions: thermal, turbulent, and vapor conditions, each of which is influenced by group of pan evaporation explanatory variables, as shown by Liu et al. [49] . In addition, stepwise regression is used to quantify the relative weight of each variable to the dependent [24] . Thus, stepwise regression is used to further partial the correlation results. In this study, the correlation coefficient is determined daily between pan evaporation and each of the nine (9) following variables: Rainfall, minimum and maximum temperature, mean temperature, minimum and maximum relative humidity, mean relative humidity, wind speed, and sunshine. Stepwise regression is a variable selection procedure for selecting the fewest most useful independent variables that are believed to be the most essential in the final prediction equation, which is as follows:
where Y is the dependent variable, X 1, ..., n the n independent explanatory variables, β 0 is the y-intercept, and β 1, ... ,n are the estimate of model parameters relatively to each dependent variable. The selection consists in a series of step to find the most significant independent variable to be included in the final regression model based on a set criterion, which is here the t-statistic. At each step of the regression, the independent variable retained is the one with the highest absolute t-value with p value being considered at the α confidence level.
Results
Rainfall and temperature based indices, as well as maximum, minimum and mean of relative humidity, wind speed pan evaporation, and sunshine, are computed at the annual scale. In addition, maximum Xday precipitation amount indices are computed at monthly scale to further understand extreme events in the Delta area. Moreover, monthly sunshine and pan evaporation trend is detected to assess their impact on water resources.
Rainfall Indices
The trend analysis results of rainfall in the Ouémé Delta are summarized below with numbers in bold indicating significant trend at the 0.05 confidence level. Results show at an annual scale that the prewhitening process did not add value to the trend analysis in the Ouémé Delta.
Annual Based Rainfall Trends Analysis
Results of rainfall intensity indices such as annual precipitation amount (PRCPTOT), number of heavy and very heavy precipitation days (R10mm, R20mm) as well as consecutive wet days (CWD), with significant trend, at least in one station are shown in Table 3 . Rainfall intensity indices trend results showed in Table 3 are plotted on Figure 3 .
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Rainfall intensity indices trend results showed in Table 3 are plotted on Figure 3 . Results of rainfall frequency indices like Simple daily intensity index (SDII), contribution from very wet days (R95pTOT) and contribution from extremely wet days (R99pTOT), with significant trend, at least in one station are shown in Table 4 . Results of rainfall frequency indices like Simple daily intensity index (SDII), contribution from very wet days (R95pTOT) and contribution from extremely wet days (R99pTOT), with significant trend, at least in one station are shown in Table 4 . Rainfall frequency indices trend results showed in Table 4 are plotted on Figure 4 . Rainfall frequency indices trend results showed in Table 4 are plotted on Figure 4 . Rainfall indices with no significant trend are summarized in Table 5 and 6. Rainfall indices with no significant trend are summarized in Tables 5 and 6 . At the annual scale, intensity indices, such as maximum consecutive 10-day precipitation amount (RX10day), annual total precipitation from very wet days (R95p), and annual total precipitation from extremely wet days (R99p) show no significant trend over the entire study area (Table 6) . Similarly, no significant trend is detected for maximum one-day precipitation amount (RX1day) and maximum consecutive two-day precipitation amount (RX2day) over the entire study area as shown in Table 5 . In addition, maximum consecutive three-day precipitation amount (RX3day) and maximum consecutive five-day precipitation amount (RX5day) also show no significant trend over the entire study area, as shown in Table 5 . Annual total precipitation (PRCPTOT) shows a significant decreasing trend of about 6.7 mm/year at the southeast station Porto Novo, whereas from North to South Zagnanado, Bonou, and Adjohoun show significant increasing trends (Figure 3) , respectively, with slopes of 10.3, 13.3, and 8.4 mm/year.
Consecutive dry day (CDD) shows no significant trend over the entire area of study, as shown on Table 6 . However, consecutive wet day (CWD) is significantly slightly decreasing at Abomey, Bohicon, Porto Novo, and Cotonou Airport, as shown on Figure 3 . The number of heavy and very heavy precipitation days (R10mm, R20mm) increases at Zagnanado, Bonou, and Adjohoun (Figure 3) . However, the number of heavy precipitation days decreases at Porto-Novo. Contribution from very wet days (R95pTOT) shows an increasing trend only at Porto Novo (Figure 4 ), whereas contribution from extremely wet days (R99pTOT) decreases at Adjohoun (Figure 4 ). Simple daily intensity index (SDII) increases at Adjohoun, Bonou, and Porto Novo (Figure 4 ), respectively, with slope of 0.1, 0.3 and 0.1. Increase in annual total precipitation is due to more frequent heavy and very heavy rainfall event. This intensification in the frequency of extreme rainfall events will result in high peak flow and then more damageable flood events in the high water period. Moreover, the most impacted areas is going to be those closer to Ouémé Delta, since significant trends are detected at the closest stations.
Trend Analysis in Monthly Maximum Precipitation
In order to detect change in intense precipitation at short time scale, the monthly trend has been computed on maximum 1, 2, 3, 5, and 10 days precipitation at all stations. Results are shown below with numbers in bold showing significant trend at the 0.05 confidence level. Maximum 1 and 2 days precipitation results are shown in Table 7 .
Maximum 3 and 5 days precipitation results are shown in Table 8 . Maximum 10 days precipitation results are shown in Table 9 . At the monthly scale, maximum consecutive 1, 2, and 3-day precipitation amount showed significant increasing trend in Adjohoun in February. In addition, maximum consecutive 10-day precipitation amount significantly decreased at Porto Novo in March. Maximum one-day precipitation increased significantly at Cotonou Airport in September. In October, maximum consecutive 10 days precipitation increased significantly at Cotonou Airport and Porto Novo. The trends listed above were detected only after prewhitening.
In April, Bonou showed a significant decreasing trend for maximum consecutive 2, 3, and 5-day precipitation amount. As consequence, water stress is going to impact on garden products yield in Bonou. In addition, maximum consecutive 5-day precipitation in Cotonou Airport decreased significantly for the same month. In contrary, Zagnanado showed significant increasing trend for maximum consecutive 2 and 3-day precipitation, whereas Adjohoun increased significantly only for maximum consecutive 3-day precipitation. In July, Bohicon and Zagnanado maximum 3 and 5-day increased significantly, while maximum consecutive 10-day significantly decreased at Porto Novo. It seems to be the most watered area during the first rainy season, which is from April to July. In August, maximum consecutive 2, 3, 5, and 10-day significantly increased only at Zagnanado. Thus, Agriculture at Zagnanado suffers less from water stress, but it is susceptible to flood event. In Ouémé Delta, high water period runs from September to November. In September, maximum consecutive 1, 2, 3, 5, and 10-days precipitation exhibits a significant increasing trend Cotonou Airport. Only Maximum consecutive 3, 5, and 10-days precipitation increased at Zagnanado. Maximum consecutive 5 and 10-days precipitation at Bohicon as well as maximum consecutive 10 days precipitation increased at Bonou. In October, maximum 1, 2, 3, 5, and 10-day precipitation increased significantly at Bonou. Maximum consecutive 1, 2, and 5-days precipitation increased significantly at Kétou. Maximum consecutive 2, 3 and 5 days precipitation increased significantly at Adjohoun. Only maximum consecutive five days precipitation increased significantly at Zagnanado. In November, maximum consecutive 1, 2, 3, 5, and 10-days precipitation increased significantly only at Adjohoun, but they all decreased significantly at Porto Novo.
In general, most of the stations showed increasing trend at least for one of the maximum 1, 2, 3, 5, and 10-days precipitation amount in the months of September, October, and November, except Porto Novo, which showed a decreasing trend for all of these indices in November.
With these findings, more attention and effort have to be made in early warning system development in the Delta area to decrease damages and losses in term of human resources as well as agricultural products. The trend of each climatic variable, such as temperature, relative humidity, and wind speed in this section was computed at the annual scale taking into account the mean, minimum, and maximum at two synoptic stations in the Delta area. Sunshine and pan evaporation were computed at annual as well as monthly scale. Table 10 shows results of temperature based indices trend. Table 11 shows results of minimum, maximum and mean value at annual scale for maximal relative humidity as well as wind speed at 10 m altitude.
Trend Analysis in
Monthly and annual significant trend results for sunshine and pan evaporation are shown in Table 12 .
At annual scale, all temperature based indices considered show a significant increasing trend at the two synoptic stations except the diurnal temperature (DTR), very warm day (TX95t), and very cold day (TN95t) temperature thresholds that decreased, respectively, about 0.012 • C, 0.008 • C, and 0.006 • C in averages, as shown in Table 10 . In fact, annual minimum (TXn) and annual maximum (TXx) of daily maximal temperature as well as annual minimum (TNn) and annual maximum (TNx) of daily minimal temperature showed significant increasing trends, respectively, of 0.032 • C, 0.018 • C, 0.027 • C, and 0.025 • C in averages, as shown in Table 10 . In addition, two days warm spell duration (WSDI2) showed an increasing trend of 0.308 • C in average (Table 10 ). Annual mean of minimal relative humidity exhibits an increasing trend at Bohicon station, however annual minimum, maximum, and mean of relative humidity maxima show a decreasing trend running from 0.047 to 0.5% (Table 11) . Annual wind speed at 10 m altitude showed a slither decreasing trend between 0.007 and 0.025 (Table 11 ). At annual scale, Sunshine duration decreased significantly, whereas evaporation increased over Ouémé Delta (Table 12) . At the monthly scale, sunshine decreases significantly in the month of January, February, April, May, and October in Cotonou. Pan evaporation increases significantly in the month of January, March, May, June, July, and September in Cotonou.
Ouémé Delta Climate Drivers
As shown in Table 13 , the significant variables that positively influence pan evaporation are sunshine duration (SUND), precipitation (PRCP), wind speed (WIND), mean temperature (TMean), and maximum temperature (TMax), decreasingly based on the correlation coefficients. Relative humidity parameters (RH, Hmax, and Hmin) negatively influence pan evaporation in Ouémé Delta. Thus, an increase in relative humidity decrease pan evaporation and vice versa. Dominant climatic variables with more than 10% absolute value of correlation with pan evaporation are mean relative humidity (RH), maximum relative humidity (Hmax), mean temperature (Tmean), wind speed (WIND), precipitation (PRCP), and sunshine (SUND). Table 13 . Correlation coefficient of pan evaporation with mean relative humidity (RH), maximal relative humidity (Hmax), minimal relative humidity (Hmin), minimal temperature (Tmin), maximal temperature (Tmax), mean temperature (Tmean), wind speed at 10 m altitude (WIND), precipitation (PRCP), and sunshine duration (SUND). Table 14 showed the relative importance of these dominant climatic variables in pan evaporation. By considering the regression coefficients, mean temperature, sunshine duration, and wind speed have high relationship with pan evaporation at both stations at 0.001 level of confidence. At Cotonou Airport, mean temperature, sunshine duration, and wind speed, respectively, explained pan evaporation at 14, 22, and 24%, as shown on Figure 5 . However, at Bohicon, sunshine duration, mean temperature, and wind speed explained pan evaporation, respectively, at 14, 25, and 26%.
Climate
At Cotonou Airport, mean temperature, sunshine duration, and wind speed, respectively, explained pan evaporation at 14, 22, and 24%, as shown on Figure 5 . However, at Bohicon, sunshine duration, mean temperature, and wind speed explained pan evaporation, respectively, at 14, 25, and 26%. 
Discussions
Heavy and very heavy rainfall extreme increasing trend results are in accordance with Hounkpè et al. [8] , which noticed an East West gradient from negative to positive trend in interpolated change rainfall in lower Ouémé catchment. Moreover, annual rainfall trend reduction is 
Heavy and very heavy rainfall extreme increasing trend results are in accordance with Hounkpè et al. [8] , which noticed an East West gradient from negative to positive trend in interpolated change rainfall in lower Ouémé catchment. Moreover, annual rainfall trend reduction is also showed in Nigeria by Oguntunde et al. [25] , Kabo-bah et al. [6] in Ghana hydropower dam, as well as in Ivory Coast by Soro et al. [4] . However, Simple daily intensity index (SDII) increased with 0.11 slope showing evidence of intensification of heavy rainfall, whereas the contribution from very wet day is almost constant. Even though, annual total precipitation decreased, the amount of rainfall recorded occurs in short period as found by Panthou et al. [2] for West Africa semi-arid regions. This is more visible when trend analysis is conducted at the monthly scale. Thus, the area is experiencing the erratic rainfall announced for the West African coastal area by the intergovernmental panel on climate change in the fifth report [50] . In September, November, and October, Maximum consecutive 10-days rainfall increased significantly, as evidence of rainfall intensification, especially in the high water period over the Delta, as shown by Hounkpè et al. [8] over Ouémé Basin. These change in rainfall extreme indices trends will impact extreme events like flood occurrence, as noticed by Nka et al. [51] and Guhathakurta et al. [52] . In addition, the increasing trend in air temperature as result of global warming experienced in Ouémé Delta was predicted by the Intergovernmental Panel on Climate Change, with impacts on irrigated land and then reducing agricultural yield that is sensitive to water availability [20] . Though, the change in temperature noticed in this paper are slither, the overall country experienced an increase of 1.1 • C since 1960, as mentioned by Bodegom et al. [53] . Pan evaporation as key element in surface water resource management has been taken together with rainfall, sunshine duration, relative humidity, wind speed, as well as temperature to detect those to which it is sensitive. Results showed that most significant explainers of pan evaporation detected here are also found in Chinese Lower Yellow River Basin for the period 1961 to 2010 by Xing-Jie et al. [24] . In fact, combined effects of decrease in wind speed and sunshine duration with an increase in mean temperature are the main causes for decrease in pan evaporation in that area. Moreover, Sun radiation, wind speed, and vapor pressure deficit were found to be explanatory variables of pan evaporation in Ibadan in Nigeria over the period of 1973-2008 using principal component analysis for variable selection by Oguntunde et al. [25] . In fact, they showed that sun radiation, wind speed, and vapor pressure deficit, respectively, explained pan evaporation variance at 30, 15, and 6%. The main explanatory variables of pan evaporation found in this study are the same as those of Liu et al. [49] . In fact, they found daily temperature range, sunshine duration, and average wind speed to be the main influencing factors of pan evaporation, and even the determinative factors of its trend. However, air temperature and vapor pressure are the major factors impacting pan evaporation in Zoige Plateau alpine wetland of eastern Tibetan region Zhao et al. [54] . Thus, despite the difference in climate variables considered in searching for pan evaporation influencing factors, wind speed, sunshine duration, and temperature are found to be the main drivers of pan evaporation. An increase in temperature and pan evaporation combined with decrease in wind speed could increase heat stress in plant, as shown by Hoffman et al. [55] . Consequently, such situation could favor livestock migration and then trigger conflict between farmers, as observed in West African regions and noticed by Touré et al. [20] . Furthermore, increase in temperature and flood event will also positively impact on the spread of infectious diseases, like malaria, which accounts for about 41% of all visits to health facilities in Bénin [56] . In fact, more standing water will increase the habitats for malaria vectors that are mosquito, whereas increased temperatures and prolonged dry seasons will have the potential to extend the vector's seasonal window, exposing human population at risk to this disease.
Conclusions
This work analyzed trends in rainfall and temperature extremes, as well as pan evaporation influencing factors over Ouémé Delta in Bénin. Fifteen rainfall based climate indices; eight temperature based indices as well as minimal relative humidity, maximal relative humidity, sunshine duration, wind speed at 10 m altitude, and pan evaporation at annual scale were computed at eight gauging stations (including two synoptic stations) from 1960 to 2016. Prewhitened Mann-Kendal method furthered trend detection over Ouémé Delta, especially at the monthly scale. Results showed intensification in heavy rainfall frequency with increase in monthly maximum precipitation in the months of September, October, and November, which constitute the high water period in Ouémé Delta. Furthermore, explanatory climatic variables that influence pan evaporation in this area are wind speed, mean temperature, and sunshine duration, with wind speed and sunshine explaining its variance at almost 50%. Some of the trends are now detected due to the prewhitened Mann-Kendall method that removed the internal serial correlation comparatively to previous work. As results showed a clear increase in extreme rainfall, especially heavy, very heavy rainfall, maximum consecutive 1, 2, 3, 5, and 10-day maximum, it will probably impact flood event in damages and losses in Ouémé Delta. Most impacted areas will be those with positive trends and are found to be the closest to Ouémé Delta. An increase in temperature as a consequence of global warming and a decrease in relative humidity is going to put stress on plants in terms of water availability. Water loss in rivers is basically measured using pan evaporation. In this work, pan evaporation showed a significant increasing trend given evidence of an increase in surface water loss over Ouémé Delta River and ponds. Consequently, water availability issue is going to be problematic with rise in conflicts between farmers because of livestock migrations that is already observed in West Africa. Furthermore, a decrease in surface water combined with increasing temperature will result in the loss in biodiversity and ecosystem production function in Nokoué Lake. With an increase in frequent extreme rainfall events, an early warning system has to be well set for Ouémé Delta, the food basket of Southern Bénin for damages and losses prevention. In addition, with an increase in surface water evaporation, actions have to be taken for efficient water usage. For instance, clipping dam in the upper stream of Ouémé Delta could help in overflow water storage for future use, like irrigation. In addition, health facilities should be developed and well equipped to cater for needs.
